Data on 2,744 calves produced in Clay Center, Nebraska, and Brooksville, Florida, were used to evaluate the importance of genotype × location interactions on the reproductive and maternal performance of eight breed groups of F1 crossbred cows. A total of 648 F1 crossbred cows included Bos taurus × Bos taurus (Bt × Bt) crosses: Hereford × Angus reciprocal crossbreds (HA and AH), Pinzgauer × Angus (PA), Pinzgauer × Hereford (PH); and Bos indicus × Bos taurus (Bi × Bt) crosses: Brahman × Angus (BA), Brahman × Hereford (BH), Sahiwal × Angus (SA) and Sahiwal × Hereford (SH). The first calf crop was sired by Red Poll bulls. All remaining calf crops were sired by Simmental bulls. Although the pregnancy rate was 9% higher in Nebraska, the rate of unassisted calvings and calf survival rate were both 4.6% lower in Nebraska. Calf birth and weaning weights were 8.0 and 15.6 kg heavier in Nebraska than in Florida. Bi × Bt dams exceeded (P less than .001) Bt × Bt crossbred dams for all traits except age of calf at weaning and calfsurvival rates (P greater than .10). Birth weights of calves from Bi × Bt crossbred dams were 3.4 kg lighter than those from the Bt × Bt crossbred dams. The interaction of location with the breed group comparison of Bi × Bt vs Bt × Bt crossbred dams was significant for pregnancy rate, calf age at weaning, rate of unassisted calving and all weight traits. Adjusted weaning weights of calves from HA, AH, PA, PH, BA, BH, SA and SH cows were as follows: HA, 194 and 222; AH, 202 and 230; PA, 213 and 242; PH, 217 and 245; BA, 251 and 254; BH, 252 and 254; SA, 236 and 238; and SH, 238 and 243 kg, respectively, in ductive and weight traits of beef cattle is well documented in purebred Hereford cattle (Butts et al., 1971; Burns et al., 1979; Koger et al., 1979; Pahnish et al., 1983 Pahnish et al., , 1985. In these studies the lines that performed best for weight traits were those selected at the location in which they were performing. Koger et al. (1975) Gregory and Cundiff (1980) , led to the development of the present study. This study reports the pregnancy rates of Brahman x Angus, Brahman x Hereford, Sahiwal x Angus, Sahiwal x Hereford, Pinzgauer x Angus, Pinzgauer x Hereford, Hereford x Angus and Angus x Hereford F1 crossbred cows and the survival rate and birth and weaning traits of their progeny. The Sahiwal is a Bos indicus breed that has been selected for and is considered higher in milk production than most other Zebu breeds. These cattle were part of Cycle III of the Germ Plasm Evaluation Program at the Roman L. Hruska U.S. Meat Animal Research Center. The objectives of this study were to evaluate the reproductive and maternal characteristics of Bos taurus x Bos taurus (Bt x Bt) and Bos indicus x Bos taurus (Bi x Bt) F1 cows under two environments (Le., central Florida and Nebraska) and to assess the importance of genotype x location interaction effects on cow productivity.
ductive and weight traits of beef cattle is well documented in purebred Hereford cattle (Butts et al., 1971; Burns et al., 1979; Koger et al., 1979; Pahnish et al., 1983 Pahnish et al., , 1985 . In these studies the lines that performed best for weight traits were those selected at the location in which they were performing. Koger et al. (1975) demonstrated that Brahman, Shorthorn and Brahman x Shorthorn F1 crossbred cows differed in their responses to improved forage quality and quantity in Florida. Brahman x Bus ruurus F1 crossbred cows have performed well under subtropical conditions (Koger et al., 1975; Peacock et al., 1981) . However, the need to investigate the performance of Zebu x Bos taurus crossbreds under a broader range of environments, as discussed by Gregory and Cundiff (1980) , led to the development of the present study. This study reports the pregnancy rates of Brahman x Angus, Brahman x Hereford, Sahiwal x Angus, Sahiwal x Hereford, Pinzgauer x Angus, Pinzgauer x Hereford, Hereford x Angus and Angus x Hereford F1 crossbred cows and the survival rate and birth and weaning traits of their progeny. The Sahiwal is a Bos indicus breed that has been selected for and is considered higher in milk production than most other Zebu breeds. These cattle were part of Cycle III of the Germ Plasm Evaluation Program at the Roman L. Hruska U.S. Meat Animal Research Center. The objectives of this study were to evaluate the reproductive and maternal characteristics of Bos taurus x Bos taurus (Bt x Bt) and Bos indicus x Bos taurus (Bi x Bt) F1 cows under two environments (Le., central Florida and Nebraska) and to assess the importance of genotype x location interaction effects on cow productivity.
Material and Methods
This study included weight and survival data on 2,744 crossbred calves produced from eight types of F1 dams including HerefordAngus (HA), Angus-Hereford (AH), Pinzgauer-Angus (PA), Pinzgauer-Hereford (PH), Sahiwal-Angus (SA), Sahiwal-Hereford (SH), Brahman-Angus (BA) and Brahman-Hereford (BH). These dams were produced during 1975 and 1976 in Cycle Iu of the Germ Plasm Evaluation Program of the U.S. Meat Animal Research Center (MARC) at Clay Center, Nebraska. The cows were progeny of Hereford and Angus dams that had been artificially inseminated to Hereford, Angus, Pinzgauer, Sahiwal and Brahman sires. Semen was used from a total of 13 Hereford, 16 Angus, 17 Brahman, 6 Sahiwal and 9 Pinzgauer sires. Details regarding preweaning management and performance of the heifers up to weaning were reported by Gregory et al. (1979) .
Shortly after weaning in November of each year, half of each group of paternal half-sib heifers was transferred to the Subtropical Agricultural Research Station at Brooksville, Florida; the other half remained at MARC. The number of cows in each breed group of dam at each location and the number of records for each category of traits analyzed are shown in Table 1 . The heifers were maintained under standard management practices at each location. At MARC, the heifers from the 1975 calf crop were fed, for the first 41 d postweaning, a diet composed of 60% corn silage, 36% rolled corn and 4% soybean meal, plus antibiotics. The diet was changed after d 41 to one containing 80% corn silage, 14% rolled corn and 6% protein supplement (as-fed basis). This diet was fed for 27 d. Heifers then were given ad libitum access for 110 d to a diet of 50% corn silage, 20% sorghum silage and 30% alfalfa haylage. They were moved to an improved cool-season pasture in April 1976. The 1976 heifers, following weaning, were fed a diet of 60% corn silage, 36% alfalfa haylage and 4% protein supplement (with antibiotics) for 57 d. The heifers then were given ad libitum access to a diet of equal parts of corn silage and alfalfa haylage for 127 d after which they were moved to a cool-season pasture in April 1977.
At Brooksville, Florida, the transferred heifers were fed, from November to April of each year, a diet of a 20% protein range pellet, molasses and grass hay. The type of hay varied according to availability of forage, but it included Bahiagrass, Pangola and Coastal bermudagrass hays. Heifers were maintained on permanent grass pastures that consisted mainly of Pensacola Bahiagrass (Paspalurn notatum, Flugge).
Females at both the Florida and Nebraska locations were pasture-mated in multisire herds to Red Poll bulls originating from the same population at MARC for their fist calving and to upgraded (7/8) Simmental bulls originating from the same population at MARC for all subsequent calf crops. Heifers maintained at the Nebraska location were mated to calve at 2 yr of age. Due to the difference in breeding seasons between Nebraska and Florida, May 15 to July 20 for Clay Center and March 15 to May 20 for Brooksville, heifers born in Nebraska and transferred to Florida did not reach puberty early enough to calve as 2-yr-olds and were bred to calve first as they approached 3 yr of age. There was no culling of females other than for sichess, extreme unsoundness, or for beiig open after two consecutive breeding seasons. The number of females eliminated was small and no relationship with breed group was observed. The cows were maintained on improved pastures through November, beginning in midMarch in Florida and mid-April in Nebraska. Legume or grass hay and a protein supplement were fed during the winter months at both locations. Calves were born in March and April at the Nebraska location and from late December through February in Florida. Within 24 to 48 h after birth, all calves were identified and weighed and male calves were castrated. Subjective calving difficulty scores were assigned at both locations. Because a different scoring procedure was used at each location, all categories of assisted calving were combined and were recorded as 0. A score of 1 was given to cows that calved unassisted. Cows were palpated for pregnancy at or shortly after weaning. The survival rate was coded as 1 for calves that survived to weaning; stillborn calves and calves that died before weaning were coded as a 0. Calves were weaned in October at the Nebraska location and in August in Florida when they were approximately 201 and 218 d of age, respectively. Calf age at weaning also was analyzed as a reproductive trait because it was an indication of the length of time from the initiation of the breeding season until the time of conception. This trait also was influenced by gestation length and by calf survival; calves that did not survive did not have a calf age at weaning recorded.
Statistical Analyses. The traits analyzed were pregnancy rate, birth weight, rate of unassisted calving, weaning weight, survival rate to weaning, age at weaning, and preweaning growth rate. All traits were analyzed by method of least squares analysis of variance utilizing LSMLMW (Harvey, 1987) . Because cows were nested within a breed group and location, a variable reflecting the interaction of location and breed group (LBG) was included as a fixed effect in the analyses of all traits.
Other fiied effects in the statistical model were year, sex of calf and significant firstorder interactions. The linear effect of age of dam and its interaction with LBG were included in the analysis of rate of unassisted calving. The linear and quadratic effects of age of calf at weaning were included as covariates in the analysis of weaning weight and preweaning average daily gain. Cows nested within location-breed group of dam were random and were absorbed. The LSMLMW procedure also allowed the estimation of the repeatability of all traits evaluated. Linear %e combined effect of location and breed group within location %e mean square for COW:LBG was used to test the s i e i c a n c e of LBG.
functions of the LBG means were computed to evaluate effects of location and specific comparisons among breed groups of dams and their interactions with location. The coefficients for the contrast statements used to evaluate the effects of the interactions of location with specific breed group comparisons were derived by multiplying the coefficients for location with those of the specific breed group contrast. The breed group of dam linear functions and their interactions with locations of most interest were the comparisons of Bi x Bt crossbred dams with the Bt x Bt crossbred dams (BGA), of crossbred dams with Hereford vs Angus dams (BGB), of Brahman-sired with Sahiwal-sired dams (BGC) and of Pinzgauersired dams with HA and AH crossbred dams (BGD). Other breed groups of dam contrasts and their interactions with the location effect were computed but are not reported here. These included comparisons of BA with BH, SA with SH and PA with PH crossbred dams.
Results and Discussion
Summaries of the analyses of variance are given in Tables 2 and 3 . Effects of LBG. year and sex (except for pregnancy rate) were important sources of variation of all traits, with the exception of survival rate, in which neither LBG nor year was significant. Year Esfecrs. The variability represented by the effect of years in analyses of beef cattle data often represents more than simply the effects of climatic and nutritional differences among years. In many studies, year effects include the influences of different sires and of a changing cow herd. In this study, year effects included an even greater combination of influences. They included true year differences and sire breed of calf differences. The partial confounding of year effects with breed of sire of calf was due to the practice of mating heifers to Red Poll sires, with succeeding calves being sired by Simmental sires. Year effects also were confounded with age of dam because all breeding females were born in 1975 and 1976. It is appropriate to remove the effects of these important sources of variation to permit study of the effects of breed group, location and their interaction on the traits evaluated.
Reproductive Traits. Least squares estimates for pregnancy rate and calf age at weaning are shown in Table 4 . Linear functions of the LBG means, which permit the evaluation of selected breed group of dam comparisons, the location effects and the interaction between them are shown in Table 5 ). The increased assistance required in Nebraska likely was influenced by the higher birth weights at that location (P < .001, Tables 6 and 7). Because of concern that the location effect may have been biased by the fact that there were more Simmental-sired calves born in Nebraska, separate analyses were run for each sire breed. There were no differences (P > .30) in the normal calving rate of Simrnentalsired calves between the two locations, but all dams were at least 3 yr of age at calving. Red Poll-sired calves born in Florida had a 30.0% higher normal calving rate (P < .001) than those born in Nebraska. This large location difference likely is influenced by the age of calving difference (nearly 1 yr younger in Nebraska) and the 6.36-kg heavier birth weight in Nebraska. A large advantage of 8.5 percentage units (P < .001) was observed in the Zebu crossbred dams over the Bos ruurus crossbred dams. McElhenney et al. (1985) also reported less calving difficulty for BA and BH crossbred dams than for AH and HA crossbred dams. Momson et al. (1989) observed that Brahman-sired crossbred cows had less calving difficulty than Continental European-sired crossbred cows in Louisiana. The advantage of Zebu crossbred dams for this trait likely was related to the combination of a larger pelvic area and a lowered calf birth weight (Tables 6  and 7) . McElhenney et al. (1985) found that Brahman females had pelvic height measurements at first calving that were higher than those of the Bos ruurus females in their study; however, they were also older than the Bos ruurus females. The interaction of location with this breed group contrast also was important (P < .OOl) and indicated a greater advantage of the Zebu crossbred dams in Nebraska, where more calving difficulty was observed.
Calf Survival Rare. Calves born in Florida had a higher survival rate (P < .OOl) than those born in Nebraska (Tables 4 and 5 Birth Weight. Calves born in Florida were 8.0 kg lighter than those born in Nebraska (Tables 6 and 7) . When the sire breed of calf was analyzed separately, Red Poll-and Simmental-sired calves were 6.4 and 7.4 kg heavier at birth in Nebraska. This result is consistent with those of Butts et al. (1971) and Bums et aL (1979) , who reported lower birth weights in Florida than in Montana. In their studies with Hereford cattle, the reduction was greater in Florida for the introduced line than for the adapted line. A similar result was observed in this study in that the reduction in birth weight in Florida relative to Nebraska was 6.9 kg in calves from Bi x Bt crossbred dams and 9.0 kg in calves from Bt x Bt crossbred dams. This difference is reflected in the highly significant interaction effect for location with this breed group comparison ( Table 7) . Calves from Zebu crossbred dams were 3.4 kg lighter at birth than calves from Bos taurus crossbred dams. Reductions in birth weight of calves from BA and BH crossbred dams compared with birth weight calves from HA and AH crossbred dams also were observed by McElhenney et al. (1985) and Bailey et al. (1988) . Momson et al. (1989) reported that birth weights of calves from Brahman crossbred cows were lighter than those from comparably sized Chianina and Maine-Anjou-sired crossbred cows. These results also are in accord with those of Wyatt and Franke (1986) , who reported a Brahman additive maternal breed effect of -6.1 kg on birth weight. Calves from Brahman crossbred dams were 3.4 kg heavier at birth than those from Sahiwal crossbred dams. The interaction of this breed group contrast, in which both groups were half Zebu, with location was not significant.
Pinzgauer crossbred dams produced calves that were 3.6 kg heavier at birth than those from HA and AH crossbred dams. This breed group comparison, in which all females were Bos taurus crossbreds, also failed to produce a significant interaction with location.
Preweaning Average Daily Gain and Weaning Weight. The better nutritional environment combined with the effects of the temperate environment of the Nebraska location clearly is evidenced by the higher (P < .001) preweaning average daily gain and weaning weights in Nebraska (Tables 6 and 7) . These highly significant differences in growth traits were also observed when Simmental-sired calves were analyzed separately. The advantage of the Zebu crossbred dams over Bos taurur crossbred dams, however, was greater .
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Nebraska asire breed listed first, than that of location difference, over three times as large for preweaning average daily gain (Table 7) . McElhenney et al. (1985) also reported that preweaning average daily gains and weaning weights of calves from BA and BH dams were greater than those of HA and AH crossbred dams in Texas. Bailey et al. (1988) , however, failed to show such an advantage in Nevada. The results of the comprehensive study of Wyatt and Franke (1986) , using data from the southern region, support those of this study in that the breed additive maternal effect for the Brahman breed was found to be superior to that of the Angus and the Hereford breeds for both preweaning average daily gain and weaning weight. In addition, Wyatt and Franke found maternal heterosis effects of Brahman x Hereford and Brahman x Angus crossbred dams to be substantially higher than those of Hereford x Angus crossbred dams for preweaning average daily gain and weaning weight.
M i l k yield likely is a major factor influenc-
ing the superiority of the Zebu crossbred dams. Cundiff et al. (1981) reported that 12-h milk yields of 3-yr-old Brahman and Sahiwal crossbred dams in Nebraska were 3.8 and 3.5 kg, respectively, vs yields of 3.3 and 2.4 kg for Pinzgauer crossbred and Hereford x Angus plus reciprocal crossbred combined, respectively. In contrast, Daley et al. (1987) found that BA and BH were inferior to AH in daily milk yield early in lactation (60 d) but were more persistent and by 150 d equaled or surpassed the milk yield of the AH dams. Three other breed group of dam linear contrasts are shown in Table 7 . Crossbred cows from Hereford dams produced calves that gained faster (P < .001) and weaned at heavier weights (P c .001) than crossbred cows from Angus dams. Brahman-sired crossbred dams produced calves that gained faster (P < .001) and had heavier weaning weights (P c .001) than calves from Sahiwal-sired crossbred dams. A comparable advantage was observed for Pinzgauer-sired dams over HA and AH dams for these traits. None of the interactions of location with these breed groups of d a m s were important (P > .23) for either preweaning average daily gain or for weaning weight.
The interaction of the Bi x Bt dam vs Bt x Bt dam comparison with location was highly significant (P c .OOl) for both preweaning average daily gain and weaning weight (Table  7) . This interaction was due to a much greater advantage in Florida than in Nebraska for calves from Zebu crossbred dams for both preweaning average daily gain and weaning weight. The comparison of the performance of the pinzgauer-vs the Sahiwal-sired crossbred dams is of particular interest because the calves from Sahiwal-sired crossbred dams gained faster and were heavier at weaning (P c .01) than those of Pmgauer-sired dams in Florida but gained at similar rates preweaning and were slightly lighter at weaning than those from Pinzgauer-sired dams in Nebraska. Brahman-sired dams, however, produced the fastest-gaining and heaviest calves at weaning at both locations. Brahman-and Sahiwal-sired dams produced calves that weaned at essentially equal weights at both locations, whereas the Bos taurus crossbreds weaned heavier calves in Nebraska than in Florida. This result suggests a wider range of adaptability for Zebu crossbred dams than for Bos taurus crossbred dams. Peters and Slen (1967) reported superiority of Brahman crossbred dams in Canada. Butts et al. (1971) found a similar type of interaction but also indicated a change in ranking across locations, because weaning weight tended to be higher for calves evaluated under the environment in which their parent line originated. Burns et al. (1979) evaluated Phase 2 of this study that compared two lines originating from Montana (Line 1) Herefords, one selected in Florida and the other in Montana. Calves at each location sired by bulls selected at that location surpassed those of calves sired by bulls selected in the other location for preweaning average daily gain and weaning weight. The magnitude of this advantage of the "local" over the introduced cattle was similar to that of the initial study. Genotype of environment (level of nutrition) interactions were evident in the study conducted by Peacock et al. (1969) . Changes in rank of breeds in different environments also were reported by Baker et al. (1981) , who evaluated 11 crossbred groups in two extreme environments in New Zealand and demonstrated that the Simmental crosses ranked second under good environmental conditions but ranked only seventh when they were evaluated under a harsher environment.
The kilograms of calf weaned per cow exposed to breeding can be calculated from the data presented in Tables 4 and 6 by multiplying together the pregnancy rates, the calf survival rates and the calf weaning weights. The kilograms of calf weaned per cow exposed to breeding were 160.5 and 208.2 kg, respectively, for Bt x Bt crossbred and Bi x Bt crossbred cows in Florida and were 200.2 and 215.8 kg for the same breed groups in Nebraska. The same pattern was seen for this measure of productivity as had been seen for weaning weight. Whereas the Zebu crossbred cows were superior at both locations, the advantage in Florida was three times that in Nebraska.
Implications
The advantage of Bos indicus crossbred cows in the southeastern U.S. was clearly documented. Weaning weights of calves from Bus indicus x Bos taurus crossbred cows also equaled or exceeded those from Bos taurus crossbred cows under temperate conditions. The Zebu crossbred cows had lower calf birth weights and calved more easily than Bos raurus crossbred cows. These advantages, however, must be weighed against the increased incidence of dystocia when Brahman sires are mated to Bos raurus females, the price discount for feeder-stocker calves with distinctive Zebu characteristics and the negative effect that Zebu breeds have on beef tenderness. The successful implementation of a sexed semen program, which would allow the production of only heifers from Bos indicus x Bos raurus F1 crosses, would reduce the dystocia problem and eliminate the production of the less desired male calves. The large location effects and breed group x location interactions found for the Zebu crossbred vs Bos taurus crossbred dams also have implications for sire and breed evaluations.
